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Abstract
In developing countries, investing in road networks is among main items in the governmental spending. Despite of the key role of
mobility networks in the economic and social activities, yet the current debate now with the global trend of cutting budgets, is how 
to maximize the capacity of governmental assets, among which, the road networks. It is worth mentioning here that in one case
VWXG\DURDGOLQNLVRSHUDWLQJDW§RILWVFDSDFLW\GXHWRLQDSSURSULDWH land use, unregulated on-street parking, besides other 
deteriorated geometric and structural characteristics of the carriageways. In this paper, a comprehensive understanding of “road 
network capacity dampers” shall be developed in a way that address the traffic engineering parameters (capacity reserves, flow, 
dimensions), as well as inappropriate land use. This understanding is elaborated in a quantifiable approach to reveal the significance 
of these reserves, thereafter, provide the foundation for the tradeoff between altering the already established land use, or to operate 
at deteriorated capacities. This discussion is presented in two case studies from two emerging cities: Cairo (Kamel Sedky St.) in 
Egypt, and Yogyakarta (Kesehatan St.,) in Indonesia. Finally, an urban-economic model will investigate potential measures to 
reclaim the capacity and how to integrate these capacity dampers as a valuable parameter in the road maintenance management 
plans.
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1. Introduction
This research is a first step on developing a strategic framework of integrating road network capacity reserves in 
the new concept of road maintenance management systems. The research aims at engaging new parameters in the 
programming problem throughout revealing key issues that are encountered on the link level, consequently 
highlighting their significance on the network level, and striving at establishing their link to the maintenance 
management problem. Among these key issues are the links capacity losses and their cumulative impacts on the 
network performance. A primitive symptom of these losses is the traffic congestion. 
Traffic congestion is a challenging phenomenon in mega cities all over the world. The corresponding incurred 
costs; however, tend to be more significant in the developing and transitional world due to other impairing factors. 
This can be readily interpreted from the World Bank “Cairo Traffic Congestion Study” findings regarding the 
congestion losses in New York, Jakarta, and Cairo; they are representing 0.07%, 0.6%, and 3.6% of the country’s 
GDP, respectively. On another hand, overwhelming the public spending with financing road infrastructure projects 
(tunnel, bridges and transit projects) might be form of addressing the symptom (shortage in supply) not the disease 
(capacity losses).
The aforementioned study highlighted the main causes of congestion in Cairo, among which, the following factors 
were found closely related to the notation of potential capacity reserves, namely “(1) design features of the road 
network, (2) parking supply and behavior, (3) Law observance and enforcement, and (4) traffic management and 
control” (Cairo Traffic Congestion Study 2014, P.4). Land use policy and planning is a part of the congestion triggers 
in developing countries, although it wasn’t stated explicitly in Cairo congestion study, yet it can be clearly observed 
and highlighted in the case studies.
This congestion analysis brings to discussion the question of how to define and quantify these capacity dampers, 
how to investigate the potential capacity reserves for a specific road link/corridor, and how to transfer this application 
on the policy/agency level, where decision are made upon reclaiming the road network capacity against infrastructure 
investments. The methodological framework conducted in this research comprises of de facto conditions observation 
and data analysis.
2. Road Network Capacity Dampers 
Roadway capacity derivation was found to be significant due to the several involved factors and approaches used 
for determining the roadway capacity. This is giving rise to the profoundness of investigating capacity reserves as 
well as capacity dampers. The concept of capacity reserves can be better explained out of the understanding of the 
previously revealed capacity dampers and its linkage to the roadway capacity notation. Hence, a brief review for each 
damper will be compiled here, along with its potential impact on the capacity, either quantitatively or qualitatively. 
Figure 1 depicts a detailed description of each roadway capacity reserves symptoms, followed by a brief description 
of each capacity reserves potential parameter. Thereafter, table 1 illustrates the two main investigated categories of 
capacity dampers within the context of developing/ transitional countries.
Fig. 1. Roadway Capacity Reserves Potential Parameters and Capacity Losses Symptoms.
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                                  Table 1. Road Networks Capacity Dampers Categorization.
In relation to Traffic Engineering In Relation to Urban Planning
Design features of the roadways Land use policy and planning
Parking supply and behavior Law observance and enforcement 
Traffic management and control
2.1. Design Features of the Roadways
Design features of the roadway(s) as a contributor to the network capacity losses can be remarkably observed 
through particular triggers, namely, “physical bottlenecks”, “U-turns”, “poor road surface quality”, and “speed 
bumps”. Except for the last trigger, the other remaining factors are sharing one main cause of capacity deterioration, 
which is “lane merging”, or “lane changing action”. Poor road surface quality primarily affects the travel speed, 
consequently decline the capacity, yet, it also forces the lane changing action due to the existence of potholes.
The lane changing behavior induces what is so called “micro bottleneck”. Micro bottlenecks explained in terms of 
“lane changing behaviour and speed differentials between passing vehicles” (ECMT, 2007, p.71). However, research 
conducted in this theme was mostly focusing on the area of the highways, motorways and partially limited to urban 
freeways. In this investigation project, the significance of micro bottlenecks on the level of the urban links is revealed, 
and their impacts on the capacity are highlighted.
In order to model the lane changing behavior, and its consequences in urban congested environment, Ahmed (1999) 
stated that there are three main parameters needed, namely, the decision (the need and the necessity), the choice (where 
to merge), and the gap acceptance (when to merge). The need for a lane change is binary choice, whilst the necessity 
for a lane change is unilateral choice. As regards the gap acceptance, which engages several other factors pertaining 
to the prevailing driving behavior and traffic culture, it was obtained and analyzed as de facto. The consequences of 
the lane changing on the capacity were mainly analyzed based on the vehicles’ time headway in urban streets.
2.2. Parking supply and Behavior 
Parking supply and behavior affects the capacity from two perspectives; the shortage in supply due to unduly 
estimated demand, and the illegal parking. An alarming finding from Verma and Ramanayya (2015) revealed that 
“only 55~65% of roadway capacity is utilized on two way streets where on-street parking is permitted”. This declined 
capacity is evaluated without considering any violation to the parking regulations. Therefore, the parking 
corresponding capacity dampers can be understood out of parking search driving behavior (deceleration and cruising), 
parking maneuvering (tucking in and tucking out) and the taken away roadway space.
Arnott, R., and Rowse, J. (2007) concluded that “cars cruising for parking constitute 14% of the traffic density and 
slow down traffic from 15.0 to 12.6 m.p.h.” (approximately 16% reduction in the average speed). Sisiopiku (2001) 
highlighted the on-street parking maneuvers adverse effect on the adjacent lane capacity, and referred to the Highway 
Capacity Manual (2000, p.11-16) methodology for evaluating the adjustment factor ( ௣݂) for on-street parking. As 
regards the roadway taken space, the effect on the capacity can be linearly obtained, as the roadway capacity 
commensurates with the number of lanes. 
2.3. Traffic Management and Control 
“Traffic management includes all physical measures designed to influence the movement of traffic on an existing 
network. It excludes substantial alterations to the network itself” (Thomson, 1968, p.3). This complies with the project 
strategy of optimizing the traffic flow throughout investigating and remedying capacity dampers. According to 
Herman (1992, p. 360), traffic management is “the utilization of personnel, materials, and equipment along freeway, 
city street, and rural highways to achieve safe and efficient movement of people, services, and goods”. This definition 
reflects broadly the three key variables (personnel, materials, and equipment) that are needed to be allocated optimally 
in traffic operations generally, and in the project perspective of enhancing the road network usage. Since the paper 
striving at studying the operational conditions on the micro level, hence, the three broad notations can be narrowed 
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down to law enforcement personnel (patrols), pavement markings, lane designation (delineators) and traffic control 
devices (signage and signals). On the micro level, conventional traffic management schemes (such as one-way streets 
and banned turnings) are considered to be more effective, especially for lower rank links.
Cunneen and O’Toole (2005) referred to a study stating that one-way street strategy led to 60% fewer stops, and to 
another study from Oregon State Department of Transport stating that it led to 23% more traffic (enhanced capacity), 
whilst Stemley (1998) claimed for 66% fewer stops, it can be denoted that one-way streets strategy contribute 
categorically in eliminating the status of traffic stop-and-go and to the streamlining of the traffic flow. However, 
technical and operational considerations should be given to adopting such strategy, as referred to in Rifkin (2007). In 
the case  studies results, measures of one-way streets, and banned turnings was used as reference line state in order to 
quantify the impacts of inappropriate traffic management and control on the micro level, and provide an idea of these 
cumulative impacts on the network level.
2.4. Land Use Policy and Planning 
In relation to urban planning, capacity losses are derived from side friction. Side friction is defined as activities 
taken place alongside the road, which could hamper traffic flow since they reduce road capacity and thus add traffic 
delay (Chiguma, 2007; Irawati, 2015). This includes pedestrians, public transport stops, parking, and street hawkers 
(Prasetijo, 2007; Irawati, 2015). In developing countries side frictions are more frequent to occur. Here, land use gives 
significant impact to the road capacity reserves since the number of side frictions tends to be higher in the commercial 
area. Chiguma (2007, p. 25-25) mentioned several researches indicated that type of land use (e.g. percentage of shop 
frontage, dwelling units) has influence on hindered capacity of urban road. However, the level of influence of each 
type of land use still needs to be observed in a further study in various urban road conditions. 
This side friction phenomenon is not always referred as “bad”. In some cases, activities are encouraged to happen 
in close vicinity within the urban road in order to slow down the traffic flow, which will reduce traffic accident 
(Hamilton-Baillie, 2008). Taking this positive notion of side friction, it can also be counted as capacity reserves. 
Clearing the road from these side frictions would lead to an increase of road capacity. However, the strategy to reclaim 
road spaces from inappropriate uses depends on the type of activity. For example, side frictions caused by street 
hawkers can be treated through relocation using participatory planning while side frictions caused by pedestrians can 
be reclaimed through having alternate walkways that will not hampered the traffic flow. In light of the chosen strategy, 
investment on reclaiming road space can be more economical than having a new road. 
3. Methodology
For this study, a capacity dampers audit is going to be undertaken, by means of an auditing form. The idea is to 
elaborate kind of elementary visual investigation system, to be used for revealing and highlighting the network links 
(segments) significantly affected by what is so called capacity dampers. This audit is suggested, as per explained 
previously, to be integrated in the maintenace plans for a specific traffic zone, so that the regulatory authority (at the 
agency level) can use it as a planning and decision making tool in road maintenance management systems, 
consequently in infrastructure budget allocation schemes. The form is demonstarted in Appendix A, is intended for 
segmental usages due to the heterogenous land use and the significant changes in urban patterns, if any. Data gathering 
and monitoring was conducted during the period from November 2014 until April 2015, for two different hours per 
week and for different working as well as vacation (weekend) days.
The capacity analysis conducted for both case studies was conducted on basis of link design speed, spot speed, 
average travel speed, and the vehicles’ time headway, accordingly with the traffic fundamentals elaborated by 
Greeshields et al (1947) and Greenberg (1959). The analysis workflow comprised two scenarios, the scenario of the 
capacity dampers hindering the speed, consequently the capacity (de facto), and the scenario of remedying the capacity 
dampers, taking into account the influence on the speed, consequently the reclaimed capacity.
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4. Case Study 1: Cairo- Kamel Sedky Street (El Faggala Area)
The link selected for this case study is Kamel Sedky St. (see Figure 2), a minor collector road that links and feeds 
two major collectors; namely, Ramses St. and Port Said St. This link is a very good example of to which extent an 
impaired link would influence the overall performance of a traffic zone, and how this impairment can be easily 
explained within the concept of roadway capacity dampers. The rationale behind this selection is derived from the 
existence of other major trip attractors and landmarks in the vicinity of the link (Cairo Main Train Station, Metro 
Cairo Central Station, and Ramses Regional Bus Stops). The historical land use planning of the area used to be 
dedicated to residential usages, and light economic and commercial activities (mostly bookstores and few publishing 
houses). The socioeconomic structure of the area has witnessed a categorical changes during the openness and the 
overall social mobility Cairo and all Egypt witnessed in the seventies and the successive decades. Most of the light 
economic and commercial activities turned to be showrooms and outlets for pipes, sanitary fixtures, and tiles. That 
can readily explain the structural change in the traffic composition attracted to the area/link.
Fig. 2. Case Study Location (Google Earth) - Kamel Sedky St. Capacity Dampers at Port Said St. Bounded and Ramses St. Intake Respectively 
(source: http://onaeg.com/?p=1442007).
De facto observation revealed that the queue spillovers at Ramses St. intake may induce serious delaying impacts 
on the overall mobility of Cairo downtown area (Ramses and El Gomhoreya St.). Moreover, illegal right turning 
movements at Port Said St. exit into the link of study would not only interrupt the traffic flow along Port Said St. 
major collector, yet, it would impair the traffic streamlining along the link of study, resulting in more spillovers at 
Ramses St. intake. Inzet at Figure 2 depicts two main contributing factors to the capacity losses along the link of study; 
it highlights the inappropriate land use planning and the weak law enforcement, as well as the inappropriate parking 
supply and demand planning. Further investigation reveals another traffic management and control deficiency, as the 
direction of flow along the link of study is left to be two ways. Although the prevailing traffic stream is the eastbound 
direction, from Ramses St. to Port Said St., the very few passenger car units in addition to the small commercial 
vehicles accumulate for the deteriorated operational capacity along the link.
The segment as shown in Figure 2 is 380 m in length with average width of 12 m, comprising, theoretically, of one 
planned on-street parallel parking lots on each side, and two operating lanes left for traffic flow. The highlighted urban 
blocks (no. 01 until 12) around the audited segment accommodate these sanitary fixtures and tiles showrooms 
commercial activities. Traffic composition observation and in-vehicle interviews revealed that such activities trigger 
two kind of unwanted vehicular traffic; they are, namely, medium goods vehicles, and unfamiliar passenger car units 
with unfamiliar drives. Moreover, de facto observation revealed that on one hand, parking lots were used 
inappropriately, either in 90° parking, or it even takes the form of second line illegal parking, and on another hand, 
absence of law enforcement encouraged the showrooms to extend their activities to fully occupy the pedestrian paths 
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and even take away a side friction of nearly 1 m on average along the whole studied segment. This consequently led 
the pedestrians to merge to the roadway, resulting in, either forced lane changing, and lane merging actions, or, in 
some cases of pedestrian jostles, to form kind of physical bottlenecks.
Data relevant to the investigated link segment capacity reserves were collected for the adjacent right-of-ways for 
each urban block and gathered throughout the roadway capacity dampers audit form. One observation is that the link 
starts to operate in the unstable domain right after the normal Cairo morning peak period (08:00 to 10:00 AM). 
Spillovers from this unstable operational condition consequently extend the morning peak period temporal and spatial 
effects in the other links beyond the square. During that period, the segment was found to be operating below 40% of 
its base capacity. Moreover, the hindered capacity and the deteriorated operational conditions results in extended peak 
period impacts, economic, social and environmental costs are incurred.
5. Case Study 2: Kesehatan Street (Sardjito Regional Hospital Area)
The other case study is Kesehatan St., a local road which serves direct access to regional hospital (Sardijto 
Hospital). The hospital generates high traffic, especially in the morning peak hour (08:00 to 10:00 AM). However, 
the hospital has insufficient supporting facilities, especially parking lots and cafeteria and as consequences, illegal 
parking and food hawkers were occupying parts of Kesehatan St, thus decrease the traffic flow due to side friction 
activities. In addition to this, since the link is located in the university, it also serves as through-traffic for students, 
staffs, and lecturers, which makes this link as an importance to be reclaimed. Up until now, there were several 
initiatives to reclaim the road, and yet most of them failed due to resistance from the street hawkers.
De facto observation revealed several factors contributes to the inhibiting of traffic flow: side frictions from illegal 
parking and street hawkers that taken almost 40% of road spaces, deceleration and cruising when searching for parking 
and parking maneuvering adds up as micro bottlenecks. The entry and exit of the hospital and medical faculty, which 
poorly managed, contributed in delaying the traffic. Moreover, at some segments, the road surface is slightly bumpy, 
causing vehicles to decrease the speed. 
Using the capacity audit form, the case study of Kesehatan St. is 680 m total in length, however, the traffic starts 
to slow down in a segment of 240 m long and this segment become the focus of the case study. The average link width 
is around 10 m, originally comprising of 2 lanes and no on-street parking. In fact, 2 m in each side are used as illegal 
parking lots and street hawker’s stall, leaving 6 m for 2-ways traffic. Formerly, there is additional 2 m space in the
east side that was supposed to be walkways for pedestrian but are used as food hawker’s stalls (see cross section). 
Consequently, pedestrians are forced to walk on the street and thus perform another bottleneck. This condition 
typically occurs during weekdays and between hospital operational hours from 07:00 to 21:00. During weekend and 
21:00 to 07:00 (on weekdys) the illegal parking lots are rarely used and the street can reach more of its optimum 
capacity.
Fig. 3. Typical cross-section of Kesehatan St. (left) and illegal street hawkers as Capacity Dampers at Kesehatan (right).
444   Bishoy M. Kellney and Isti Hidayati /  Transportation Research Procedia  14 ( 2016 )  438 – 447 
6. Capacity Reclaim: an Urban-Economic Decision Analysis Model
Table 2 summarizes the analysis results of the two case studies. The capacity dampers highlighted in both cases 
are similar in characteristics, and aligning with the main capacity reserves parameters, which supports the hypothesis 
of the potential capacity reserves on the very link level that may accumulate to significant capacity reclamation on the 
network level, throughout introducing minor structural reforms.  
Table 2. Case Studies- Summary of Findings.
Capacity Reserves Parameters Corresponding Capacity Dampers 
Case Study 1: Egypt Case Study 2: Indonesia
Design Features - Pedestrian merges to the roadway- Enforced 
Lane Changing Action
- Pedestrian merges to the roadway and 
Bumpy road surface- Enforced Lane 
Changing Action
Traffic management and control - Stop and go and delays due to the unwanted 
turns at the local streets leading to the segment
- Delays due to entry and exit to hospital 
and medical Faculty
Parking supply and demand - Excess in parking demand - Excess in parking demand
Land use planning - Commercial activities as traffic generator
- Illegal parking and spillover commercial 
activities
- Hospital and Campus as traffic generator
- Illegal parking and street hawker due to 
weak law enforcement
Actual operational capacity 40% 60%
These potential capacity reclaiming measures can be explained primarily with respect to three level of influence; 
social, economic and land use policy (Table 3). Hence, the project aiming at assessing the feasibility of these measures 
within the framework of road maintenance management systems elaborated and scripted at the agency level. Road 
maintenance management models were scripted on basis of combining the multi-objective optimization approach and 
asset management systems in one strategic framework. Mimicking this trend in road network capacity reclamation 
brings to discussion the asset management-capacity reclamation comprehensive algorithm, aimed at, as an elementary 
result of this project, where the investigated capacity dampers, along with the potential remedial measures should be 
plugged into further refining algorithm in order to reach to an optimized decision.
Table 3: Potential Remedial Measures- Level of Influence, Incurred Costs and Added Benefits (Urban-Economic Model)
Level of Influence Potential Measure Incurred Cost Added Benefit
1. Social Enhancing the adequate driving behavior 
throughout campaigns and workshops
Public Outreach Investment Cost Improve safety 
2. Economic Law enforcement throughout penalties Public Rejection and Disputes Decrease travel time and improve 
traffic flow
3. Land Use Policy Readjusting the land use plans 
dynamically with changes in the urban 
mobility patterns
Design and Relocation Cost Enhance physical environment 
Figure 4 depicts the proposed algorithm, formulated based on the basic “generic asset management system”
elaborated in OECD (2001). Austroads (1997) in OECD (2001) highlighted the major elements of an asset 
management system, among which were the “asset condition” and the “asset use”. Indeed, these two highlighted 
elements set forth in the asset management proposed workflow were found aligning with the research philosophy, 
since it reproduces the approach of assessing what is existed against investing in new measures. In the approach of 
assessing such alternatives, a robust decision analysis tool should be utilized in a way that questions the problem with 
respect to the proposed measures. Markov decision process has proven efficient in quantitative decision analysis. This 
algorithm extends the problem conceptual framework from multi-objective optimization problem that tackles only the 
problem parameter (mobility indicators, cost components), to a wider framework that integrates the problem of 
remedying the capacity dampers in a higher planning and decision making tier at the institutional level. Moreover, 
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this algorithm vividly closes the loop between the decision making and the executing agencies, so that, the road 
network collected data are regularly verified and updated.
Fig. 4. Asset Management-Capacity Reclamation Decision Planning Algorithm.
Data collected by the capacity dampers audit form (at the project level) shall be dumped in the road assets inventory 
(agency level database). Thereafter, the data compiled shall undergo the proposed decision process tool in the modeled 
urban-economic status, taking into account the weighted capacity losses (e.g. 60% in the case of Egypt and 40% in 
the case of Indonesia). Hence, an optimized decision can be reached to, radically, such as altering the land use pattern, 
or limited to introducing basic reforms to the design features. This decision process may conclude to the no-option 
alternative too, where the urban model is too complicated for any instantaneous interventions, in such case, long term 
remedial planning shall be considered. The project-agency loop as well as the common area of interest (asset data) 
can be readily observed in the algorithm, so that its livability is authenticated.
7. Conclusion 
In this paper, road network capacity dampers are defined as any triggers contributing to capacity losses that lead to 
unduly operational condition. Design features that induce lane changing action, traffic management and control, 
excess parking demand, and side frictions from lax of land use plan are factors constituting for road network capacity 
dampers. The case studies taken from link network in Egypt and Indonesia emphasize on the “informal” factor (e.g. 
illegal parking, street hawkers) as major fraction of this dampers and proven to have significant impact on the actual 
road capacity.
From the urban-economic model, it is important to state that reclaiming the road can be considered as an asset. 
Depending on the social-economic condition, reclaiming the road could generate more yet less costly than investing 
in a new road. It also more sustainable in environmental term since building new road to solve congestion induces 
more traffic in both old and new road. Reclaiming the existing road improves the current traffic flow and therefore 
relieves congestion, decrease travel time, improve air quality, and reduce stress from traffic. However, in some cases 
where there is a strong public rejection, the incurred social cost might be too high and other strategies for reclaiming 
the road should be considered. Further research is planned on the level of the decision process modeling, particularly 
in the application of Markov Decision Process (MDP), accordingly with the findings and the indicators elaborated in 
this primary stage of the project.
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Appendix A. Roadway Capacity Dampers Audit Form
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